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The  Federal  Coal  Management  Program 
has  been  designed  as  an  interagency 
cooperative  effort  to  meet  national 
energy  objectives. 

Prairie  Dog  Creek  Study  Area  Report 
was  prepared  through  the  efforts  of 
the  U.S.  Department  of  the  Interior, 
principally  the  Bureau  of  Land 
Management  and  Bureau  of  Reclamation. 
The  study  effort  began  in  1978  and 
was  concluded  in  1983  with  the  pub- 
lication of  this  report. 

The  area  described  in  this  report 
has  been  tentatively  determined  to 
be  a  potential  Federal  coal  develop- 
ment area.   The  purpose  of  this 


report  is  to  provide  information  on 
the  area's  reclamation  potential, 
should  coal  development  occur.   This 
report  will  assist  managers  in  making 
final  Federal  coal  leasing  decisions. 

Limited  copies  of  this  report  are 
available  from: 

Bureau  of  Land  Management 
Montana  State  Office 
222  N.  32nd  Street 
Billings,  MT  59107 

Please  reference  the  title  and  report 
number  21-78  when  making  a  request 
for  this  report  from  the  Bureau  of 
Land  Management. 
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their  shallowness  and  the  steep,  dissected  terrain  they  occupy.   Seventeen  percent  of  the 
overburden  materials  from  12  USBR  drill  holes  were  rated  suitable  as  plant  growth  media, 
36  percent  were  of  limited  suitability,  and  47  percent  were  unsuitable.   A  greenhouse  study 
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RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 

OF 
PRAIRIE  DOG  CREEK  STUDY  AREA 
BIRNEY  WEST  COALFIELD 
MONTANA 

INTRODUCTION 

Recent  energy  shortages  have  forced  our  society  to  seek  new  domestic  sources. 
Attention  has  focused  on  the  immense  quantities  of  low  sulfur  coal  that  lie 
within  the  Rocky  Mountain  and  Northern  Great  Plains  regions.   The  Department  of 
the  Interior,  principally  the  Bureau  of  Land  Management,  is  responsible  for  both 
assisting  in  meeting  these  energy  demands  and,  at  the  same  time,  providing  sound 
reclamation  guidelines  so  that  the  disturbed  lands  are  restored  to  an  acceptable 
condition. 

PURPOSE 

The  primary  purpose  of  this  report  is  to  present  data  obtained  from  Bureau  of 
Reclamation  investigations  in  the  Prairie  Dog  Creek  Study  Area.   In  order  to 
give  a  more  complete  picture  of  the  area,  very  brief  descriptions  of  the  geology 
and  coal  resources  as  determined  by  U.S.  Geological  Survey  studies  are  also 
included. 

GENERAL  DESCRIPTION 

LOCATION 

The  Prairie  Dog  Creek  Study  Area  is  located  in  Rosebud  County,  approximately  10 
miles  southwest  of  Birney,  Montana  (Plate  1).   The  study  area  consists  of  about 
9,970  acres  of  rugged,  mostly  forested  land  in  all  or  parts  of  sec.  4,  5,  6,  7, 
8,  9,  10,  11,  14,  15,  16,  17,  18,  20,  21,  26,  27,  28,  32,  33,  34,  and  35,  all  in 
T.  6  S.,  R.  41  E.   Plate  2  shows  the  topography  and  the  location  of  all  Bureau 
of  Reclamation  drill  holes.   Surface  ownership  is  divided  into  private,  Federal, 
and  State  of  Montana  parcels  (Plate  3).   All  coal  is  owned  by  either  the  State 
or  Federal  government  (Plate  4). 

PRESENT  LAND  USES 

The  Prairie  Dog  Creek  watershed  is  used  extensively  for  livestock  grazing. 
There  is  no  dryland  or  irrigation  farming  or  any  commercial  timber  production, 
except  for  fence  posts. 

POSTMINING  LAND  USE 

Postmining  land  uses  on  the  Federally-owned  surface  are  anticipated  to  be 
livestock  grazing  and  wildlife  habitat. 

OBJECTIVE  OF  RECLAMATION 

Montana  law  presently  requires  the  coal  mine  operator  to  restore  all  disturbed 
areas  "in  a  timely  manner,  either  to  conditions  capable  of  supporting  the  uses 
they  were  capable  of  supporting  before  any  mining  or  to  conditions  capable  of 


supporting  approved  alternative  land  uses.   Alternative  land  uses  may  be 
approved  by  the  Department  or  State  Lands  after  consultation  with  the  landowner      g 
or  land-management  agency  having  jurisdiction  over  the  lands.  .  ."   (Rule  XVI,  5(c)  I 
pursuant  to  the  Montana  Strip  and  Underground  Mine  Reclamation  Act  -  Montana 
Permanent  Program) . 

Unless  an  alternative  postmining  land  use  is  desired  by  the  landowner(s)  and 
approved  by  the  Montana  Department  of  State  Lands,  the  main  objective  of  recla- 
mation in  the  Prairie  Dog  Creek  Study  Area  would  be  to  establish  a  diverse  vege- 
tative cover  with  an  interspersion  of  vegetative  types  over  the  reclaimed  land 
capable  of  supporting  livestock  and  wildlife.   The  visual  resource  of  the 
Prairie  Dog  Creek  Study  Area  is  of  high  quality  and  should  be  considered  before 
mining  takes  place. 


CLIMATE 
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The  Prairie  Dog  Creek  Study  Area  has  a  continental-type,  semiarid  climate 
characterized  by  cold  winters,  warm  summers,  and  large  variations  in  seasonal 
precipitation. 

The  mountains  along  the  Continental  Divide  cause  air  masses  to  rise  and  precipi- 
tate their  moisture,  primarily  on  the  windward  slopes.   The  air  masses  then  warm 
and  dry  as  they  descend  the  leeward  slopes.   As  a  result,  a  "rain  shadow"  is 
created  over  the  eastern  Montana  counties.   The  average  annual  precipitation  in 
these  counties  is  about  13  inches. 

The  Birney  2SW  weather  station,  located  about  8  miles  east  of  the  study  area, 
receives  13.46  inches  of  precipitation  in  an  average  year.   However,  extremes  of 
5.78  inches  (1960)  and  19.79  inches  (1978)  have  been  recorded. 

The  principal  growing  season  in  this  area,  April  through  June,  receives  approxi- 
mately 49  percent  of  the  annual  precipitation  in  an  average  year.   Following  the 
spring  rains,  July  is  hot,  dry,  and  windy  with  excessive  evaporation  and  evap- 
otranspiration  rates. 

In  average  years,  snowfall  comprises  almost  30  percent  of  the  annual  precipita- 
tion.  Nearly  all  precipitation  between  November  and  March  occurs  in  the  form  of 
snow,  and  late  spring  snowstorms  are  not  uncommon. 

Winds  in  this  area  blow  predominantly  from  the  northwest,  but  during  spring, 
summer,  and  fall,  they  are  commonly  from  the  west  or  southwest.   Occasional 
winds  from  the  south  and  southeast  also  occur;  typically,  these  are  of  short 
duration.   Winds  are  generally  slight,  averaging  7  miles  per  hour  in  velocity. 
The  strong  winds  which  bring  the  winter  and  spring  storms  are  almost  invariably 
from  the  northwest. 

The  average  annual  air  temperature,  as  recorded  at  the  Birney  2SW  station  between 
1955  and  1978,  is  42.3°F.   During  this  period,  extremes  of  99°F  (September)  and 
-35°F  (December)  were  recorded. 


1/  Data  from  U.S.  Geological  Survey  Open-File  Reports  81-37,  81-412,  82-273,  and 
subsequent  unpublished  data. 


The  frost-free  period  (>32°F.)  averages  108  days  at  Birney.   The  growing  season 
for  hardy  grasses  (>28°F.)  in  average  years  begins  May  10  at  Birney  and  ends  131 
days  later  on  September  19.   Growth  of  native  range  plants  and  small  grains  is 
rapid  during  May  and  June.   By  mid- July,  however,  the  available  soil  moisture  is 
usually  depleted  and  the  plants  mature  or  become  dormant. 

Site-specific  climatological  data  is  being  collected  in  the  Prairie  Dog  Creek 

basin.   Data  collection  began  in  October  1978  and  is  yet  ongoing.   The  reader  is 

referred  to  U.S.  Geological  Survey  Open-File  Reports  81-412  and  82-273  for 
detailed  results  of  this  data  collection. 

Climate  will  be  an  important  controlling  factor  for  revegetation  in  the  Prairie 
Dog  Creek  Study  Area.   In  average  years,  the  spring  rains,  coupled  with  stored 
moisture  from  winter  precipitation,  will  provide  adequate  soil  moisture  for 
establishing  good  stands  of  native  range  vegetation.   However,  one  or  a  suc- 
cession of  drought  years  (<10  inches  of  annual  precipitation)  would  severely 
limit  revegetation  efforts. 

Specific  climatic  factors  that  could  adversely  affect  revegetation  include:   (1) 
below  normal  or  uneven  distribution  of  precipitation,  especially  during  the 
growing  season,  (2)  intense  thunderstorms  or  hailstorms  that  damage  vegetation 
and/or  cause  soil  erosion,  (3)  late  spring  freezes,  and  (4)  depletion  of  soil 
moisture  by  wind.   Additional  onsite  data  collection  will  be  necessary  prior  to 
mining  to  more  accurately  determine  probabilities  of  occurrence  of  these  fac- 
tors.  This  data  can  then  be  used  to  select  best  possible  seeding  times  for 
revegetation. 

PHYSIOGRAPHY 

The  Prairie  Dog  Creek  Study  Area,  located  in  the  northwestern  part  of  the  Powder 
River  Basin,  lies  within  the  unglaciated  Missouri  Plateau  section  of  the  Great 
Plains  Physiographic  Province. 

Surface  relief  in  the  study  area  is  about  770  feet,  ranging  from  4210  feet  on  a 
ridgetop  in  section  9  in  the  north-central  portion  of  the  study  area  to  3440  feet 
in  section  32  along  a  tributary  of  the  North  Fork  of  Canyon  Creek  at  the 
southern  tip  of  the  study  area. 

The  topography  is  commonly  referred  to  as  "breaks"  and  is  typical  of  that  formed 
in  easily  eroded,  nearly  horizontally-bedded  sediments  adjacent  to  a  major 
drainage.   Surface  gradients  range  from  nearly  flat  along  the  Prairie  Dog  Creek 
valley  floor  to  nearly  vertical  at  the  heads  of  some  tributary  drainages. 

Drainage  of  the  study  area  is  southeastward  to  the  Tongue  River,  primarily  via 
Prairie  Dog  Creek  and  its  two  main  tributaries — Jack  Creek  and  Jeffrys  Prong. 

GEOLOGY 

The  Prairie  Dog  Creek  Study  Area  is  in  the  northern  part  of  the  Powder  River 
Basin.   This  deep  sedimentary  basin  is  about  225  miles  long  and  90  miles  wide. 
It  extends  from  the  Yellowstone  River  in  Montana  to  the  North  Platte  River  in 
Wyoming  and  from  the  Black  Hills  of  South  Dakota  to  the  Bighorn  Mountains  of 
Wyoming. 


Bedrock  exposed  in  the  study  area  is  the  Tongue  River  Member  of  the  Fort  Union 
Formation  of  Paleocene  Age.   Unconsolidated  alluvium  of  Holocene  Age  mantles  the 
valley  floors  along  major  drainages. 

Engineering  property  tests  performed  on  bedrock  materials  similar  to  those  in 
the  Prairie  Dog  Creek  Study  Area  revealed  that  shear  strengths  are  low.   Slides 
can  develop  adjacent  to  high  walls  in  surface  mines,  and  saturated  alluvium  and 
unceraented  siltstones  and  fine-grained  sandstones  will  readily  erode  and  flow 
into  excavations. 

Excavation  slopes  will  vary  between  minesites  and  will  be  dependent  on  exposure 
time,  moisture  conditions,  material  types,  and  depth  of  cut. 

After  disturbance,  an  increase  of  about  25  percent  will  occur  in  the  volume  of 
the  overburden.   Some  areas  of  the  surface  will  actually  be  higher  in  elevation 
after  raining.   Settlement  will  then  occur  for  several  years  after  reclamation 
until  the  materials  reach  a  stable  condition. 

Three  types  of  instability  are  common  on  reclaimed  coal-mined  areas  in  the 
Northern  Great  Plains.   They  are:   (1)  areawide  settling,  (2)  localized 
collapse,  and  (3)  piping.   Each  form  of  instability  is  affected  by  certain 
variables  in  the  postmining  landscape.   These  variables  include  the  physical  and 
chemical  characteristics  of  the  overburden,  the  method  and  equipment  used  in 
stripping  and  contouring  operations,  and  the  season  when  these  activities  occur. 
One  or  more  of  these  types  of  landscape  instabilities  may  occur  on  reclaimed 
land  in  the  Prairie  Dog  Creek  Study  Area. 

Both  laboratory  and  outdoor  weathering  tests  were  completed  on  bedrock  core 
samples  from  the  Prairie  Dog  Creek  Study  Area.   Most  samples  softened  upon 
wetting,  but  returned  to  a  hard  state  after  drying.   Very  few  of  the  samples 
exhibited  the  percent  breakdown  necessary  to  form  a  soil  texture  suitable  for  a 
planting  medium.   Those  few  that  did  have  a  plasticity  value  which  would  make 
them  difficult  to  handle  and  place  in  large  quantities  during  earthmoving  opera- 
tions. 

A  study  of  the  seismic  history  of  the  region  indicates  that  minor  damage  could 
result  to  structures  from  earthquake  shocks. 


COAL  RESOURCES 
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Three  major  coalbeds  occur  within  the  Tongue  River  Member  of  the  Fort  Union 
Formation  in  the  Prairie  Dog  Creek  Study  Area.   They  are,  in  ascending  order, 
the  Wall,  Cook,  and  Canyon  Coalbeds. 

The  most  important  coalbed  in  the  study  area  is  the  Wall,  which  ranges  from  31.5 
to  62.5  feet  thick.   The  coalbed  is  thickest  in  the  southwestern  part  of  the 
area.   Data  from  drill  holes  indicate  that  a  parting  exists  in  many  places.   In 


2/  Summarized  from:   Robinson,  Laura  N.,  Culbertson,  William  C,  and  Affolter, 
Ronald  H.,  Geology,  Coal  Resources,  and  Coal  Quality  of  the  Prairie  Dog  EMRIA 
Study  Area,  Rosebud  County,  Montana:   U.S.  Geological  Survey  Open-File 
Report  81-1136. 


the  southern  part  of  the  area,  the  parting  is  2  feet  or  less  in  thickness,  but 
it  thickens  to  7.8  feet  in  the  west-central  part  of  the  area.   Apparently  it 
also  thickens  eastward  because  the  Wall  is  represented  on  the  eastern  outcrop  by 
two  clinker  beds  as  much  as  60  feet  apart.   Where  the  parting  is  more  than  3 
feet  thick,  the  upper  and  lower  benches  are  referred  to  as  Upper  and  Lower  Wall. 
The  Lower  Wall  is  5.5  to  7.1  feet  thick,  and  the  Upper  Wall  is  32.5  to  44.0  feet 
thick. 

The  Wall  Coalbed  is  not  exposed  in  the  area.   It  burned  back  from  its  outcrop 
almost  everywhere  and  formed  clinker  as  much  as  180  feet  thick  in  the  southern 
part  of  the  Prairie  Dog  Creek  Study  Area. 

The  Cook  Coalbed  is  2.6  to  8.6  feet  thick  and  lies  47  to  133  feet  above  the  Wall 
in  six  drill  holes,  but  is  entirely  missing  in  three  holes  which  should  have 
encountered  it.   Outcrop  measurements  range  from  2.1  to  3.4  feet.   Mapping  by 
Volz  indicates  that  the  Cook  is  concealed  or  missing  along  most  of  its  projected 
outcrop,  but  for  the  purpose  of  calculating,  an  outcrop,  or  a  limit  of  burned 
coal,  was  inferred  from  drill  hole  and  other  data  in  the  area. 

The  second  most  important  coalbed  in  the  Prairie  Dog  Creek  Study  Area  is  the 
Canyon.   It  lies  about  160  to  260  feet  above  the  Wall  Coalbed.   In  five  drill 
holes  that  encountered  the  Canyon,  it  varied  from  9.0  to  15.5  feet  thick,  being 
thickest  to  the  northwest.   On  the  outcrop,  it  is  as  thin  as  4.5  feet.   It  is 
overlain  by  not  more  than  400  feet  of  overburden. 

Although  several  minor  coalbeds  occur  within  the  Prairie  Dog  Creek  Study  Area 
and  will  undoubtedly  be  utilized  during  mining  operations  for  the  primary  beds, 
coal  resources  were  only  calculated  for  the  Wall,  Canyon,  and  Cook  Coalbeds. 
The  Wall  contains  360  million  short  tons  of  potentially  surf ace-minable  coal 
under  less  than  200  feet  of  overburden.   The  Canyon  and  Cook  Coalbeds  contain 
resources  of  35  million  short  tons  and  26  million  short  tons,  respectively, 
under  less  than  200  feet  of  overburden.   Additional  resources  from  the  three 
coalbeds  may  be  300  million  short  tons  if  500  feet  of  overburden  is  removed  from 
the  Wall  Coalbed. 

Analyses  of  samples  from  core  holes  indicate  that  the  apparent  rank  of  the  Wall 
Coalbed  is  subbituminous  B;  the  Canyon  and  Cook  Coalbeds,  subbi turainous  C.  The 
three  coalbeds  are  well  below  the  national  average  in  ash  and  sulfur  content. 

SOIL  AND  OVERBURDEN 

Soils  of  the  Prairie  Dog  Creek  Study  Area  can  be  grouped  into  two  major  categories 
based  on  their  parent  material,  mode  of  development,  and  landform  position. 
These  are:   (1)  residual  soils  developing  from  sandstone,  siltstone,  shale,  or 
baked  rock  (clinker)  which  occupy  ridges,  tabular  divides,  and  moderate  to  steep 
upland  slopes,  and  (2)  alluvial/colluvial  soils  forming  in  mixed  deposits  on 
fans,  footslopes,  terraces,  and  bottomlands.   The  residual  soils  occur  over 
approximately  85  percent  of  the  study  area;  the  alluvial/colluvial  soils 
comprise  the  remaining  15  percent. 

The  residual  soils  occur  on  the  dissected,  sedimentary  uplands  of  the  study 
area.   The  parent  materials  of  these  soils  are  interbedded  sandstone,  siltstone, 
shale,  and  baked  rock  belonging  to  the  Tongue  River  Member  of  the  Paleocene  Fort 
Union  Formation. 


In  general,  these  soils  are  shallow  (ridges,  tabular  divides,  moderate 
sideslopes)  or  very  shallow  (steep  sideslopes).   Bedrock  outcroppings  are  common 
on  crests  and  along  severely  eroded  sideslopes. 

The  physical  and  chemical  characteristics  of  these  soils  correlate  closely  with 
their  parent  materials.   For  example,  the  residual  soils  developing  from 
sandstone  are  typically  medium  or  moderately  coarse  textured,  nonsaline  or 
slightly  saline,  nonsodic,  and  have  moderate  or  moderately  rapid  permeabilities. 
In  contrast,  the  residual  soils  forming  from  shale  are  moderately  fine  or  fine 
textured,  moderately  to  strongly  saline,  and  have  slow  or  very  slow  per- 
meabilities.  Locally,  the  subsurface  horizons  and  substratum  of  these  soils  are 
also  moderately  to  strongly  sodic. 

The  alluvial/colluvial  soils  occur  on  upland  fans,  footslopes,  terraces,  and  in 
bottomland  positions  along  Prairie  Dog  Creek  and  its  tributaries.   These  soils 
are  generally  deep  over  stream-laid  deposits  or  slope  wash  derived  locally  from 
sandstone,  siltstone,  shale,  or  baked  rock  of  the  Tongue  River  Member,  Fort 
Union  Formation. 

Soil  textures  range  from  sandy  loam  to  clay  loam  depending  on  the  nature  and 
location  of  the  deposits.   The  A,  B,  and  upper  C  horizons  of  these  soils  are 
typically  medium  textured,  nonsaline,  nonsodic,  and  moderately  permeable.   The 
deeper  C  horizons  and  weathered  substratum  commonly  contain  moderate  to  high 
levels  of  soluble  salts  and,  locally,  moderate  to  high  levels  of  sodium. 

A  semidetailed  land  suitability  classification  of  the  Prairie  Dog  Creek  Study 
Area  was  made  to  evaluate  and  characterize  the  soil  and  overburden  to  10  feet  in 
depth  as  a  source  of  material  for  resurfacing  and  revegetating  the  area  if  it  is 
surface-mined.   This  classification  provides  data  on  the  quantity  and  quality  of 
material  for  revegetation,  ease  of  stripping  and  stockpiling  the  usable 
material,  and  other  factors  which  affect  the  land's  suitability  for  reclamation 
and  revegetation. 

Land  suitability  specifications,  shown  on  Table  1,  were  developed  to  establish 
classes  for  the  specific  use  proposed,  i.e.,  as  a  source  of  material  for  revegeta- 
tion of  surface-mined  lands.   Four  land  classes:   1,  2,  3,  and  6  were  developed. 
These  correspond  to  classes  used  in  the  Bureau  of  Reclamation  land  classifica- 
tion system. 

Class  1  lands  provide  the  most  desirable  and  plentiful  source  of  material  for 
revegetation.   An  abundant  supply  of  highly  suitable  material,  which  is  easily 
stripped  and  stockpiled,  will  be  available  from  this  land  class.   In  addition 
to  having  an  adequate  amount  of  suitable  material  for  reclaiming  the  immediate 
area,  Class  1  lands  can  provide  borrow  material  for  topdressing  areas  with 
insufficient  suitable  material.   Class  2  lands  contain  an  adequate  supply  of 
resurfacing  material  to  revegetate  the  immediate  area;  however,  this  material  is 
slightly  less  desirable  in  quality  or  somewhat  more  difficult  to  strip  and 
stockpile  than  the  material  on  Class  1  lands.   Class  3  lands  are  similar  to 
those  in  Class  2,  except  the  deficiencies  are  more  pronounced  or  a  combination 
of  deficiencies  exists.   Land  in  this  class  is  marginally  suitable  for  revege- 
tation but,  through  utilization  of  good  stripping  and  stockpiling  procedures, 
the  requirements  for  planting  media  can  generally  be  met.   Class  6  lands  lack 
adequate  quantities  of  suitable  material  to  meet  the  needs  for  revegetation.   If 


these  lands  are  disturbed  by  surface  raining,  it  will  be  necessary  to  borrrow 
material  from  Class  1  or  2  lands  or  modify  the  material  available  for  revegeta- 
tion  through  leaching,  addition  of  chemical  amendments,  etc. 

The  results  of  the  land  suitability  classification,  expressed  as  a  percentage  of 
the  study  area,  are  as  follows:  Class  1  -  10.4,  Class  2  -  10.0,  Class  3  -  16.0, 
and  Class  6  -  63.6 

The  alluvial/colluvial  soils,  which  cover  about  15  percent  of  this  study  area, 
should  provide  about  36  to  48  inches  of  good  quality  topsoiling  material  for 
revegetation.   This  material,  consisting  of  the  A,  B,  and  upper  C  horizons  in 
most  of  these  soils,  is  typically  medium  textured,  nonsaline,  nonsodic,  and 
moderately  permeable.   Since  the  A  horizon  is  usually  only  2  to  6  inches  thick, 
selective  stripping  of  this  horizon  from  the  B  and  upper  C  horizons  appears 
impractical;  however,  mixing  of  these  horizons  should  not  appreciably  change  the 
overall  quality  of  the  material. 

The  lower  C  horizons  and  substratum  of  the  alluvial/colluvial  soils  are  commonly 
moderately  to  highly  saline  and,  locally,  moderately  to  highly  sodic.   These 
unfavorable  properties  will  restrict  the  use  of  these  materials  to  subsurface 
placement  at  least  3  to  4  feet  below  the  surface  in  reconstructed  profiles. 

Since  the  alluvial/colluvial  soils  occupy  gently  to  moderately  sloping  fans, 
footslopes,  terraces,  and  bottomlands,  stripping  operations  appear  favorable, 
with  the  exception  of  some  tree  and  brush  clearing  along  Prairie  Dog  Creek  and 
some  of  its  tributaries. 

The  residual  soils,  though  they  occur  on  about  85  percent  of  the  study  area, 
represent  a  limited  source  of  revegetative  material  due  to  their  shallow  nature 
and  the  semibadlands-type  terrain  they  occupy. 

The  residual  soils  developing  from  sandstone  could  provide  6  to  18  inches  of 
topsoiling  material  (combined  A  and  B  horizons).   However,  steep  slopes,  num- 
erous bedrock  outcroppings,  and  tree  cover  will  severely  limit  stripping  opera- 
tions.  The  C  horizons  and  weathered  substratum  of  these  soils  are  suitable  only 
for  subsurface  replacement  due  to  coarse  texture,  low  moisture  holding  capacity, 
and  susceptibility  to  erosion. 

Many  of  the  shallow  soils  developing  from  shale  have  A-C  profiles.   The  A  horizon 
(2  to  4  inches  thick)  is  usually  moderately  fine  textured,  nonsaline,  nonsodic, 
and  slowly  permeable.   This  material,  though  favorable  for  surface  replacement, 
may  be  difficult  to  strip  due  to  topographic  limitations  (steep  slopes, 
outcrops) .   The  C  horizons  and  substratum  are  typically  fine  textured  and 
moderately  to  strongly  saline.   Locally,  they  are  also  sodic.   As  such,  this 
material  is  undesirable  as  a  revegetative  medium;  therefore,  replacement  should 
be  at  least  3  to  4  feet  below  the  surface. 

Overburden  samples  from  Bureau  of  Reclmation  drill  holes  78-101  through  78-105 
and  79-106  through  79-112  were  evaluated  as  to  their  suitability  for  use  as  a 
supplemental  plant  medium  for  revegetation. 

Complete  laboratory  analyses,  including  selected  trace  element  determinations, 
were  performed  on  the  samples  by  the  Bureau  of  Reclamation  Regional  Soil  and 
Water  Laboratory  in  Bismarck,  North  Dakota. 


The  suitability  criteria  listed  in  Table  2  were  applied  to  the  laboratory  data 
in  order  to  place  the  overburden  materials  into  one  of  three  categories: 
Suitable,  Limited  Suitability,  or  Unsuitable. 

Overall,  17  percent  of  the  overburden  materials  overlying  the  Wall  Coalbed  in 
this  study  area  were  determined  to  be  suitable  as  a  supplemental  plant  medium, 
36  percent  were  of  limited  suitability,  and  47  percent  were  unsuitable. 

The  major  factors  causing  the  overburden  materials  to  be  placed  in  the  limited 
suitability  or  unsuitable  categories  included  moderate  to  high  salinity  and/or 
sodicity,  and  high  percentages  of  clay  or  coarse  sands.   No  trace  element  toxi- 
cities existed. 

The  samples  that  were  rated  suitable  consisted  primarily  of  fine-grained 
sandstones  and  silty  or  sandy  shales  which  were  medium  textured,  nonsaline,  non- 
sodic,  and  moderately  permeable.   These  materials,  if  selectively  stripped  and 
stockpiled,  could  provide  an  abundant  source  of  good  quality  plant  growth 
material  to  supplement  available  topsoil  and  subsoil. 

GREENHOUSE  EVALUATION  OF  SOIL  AND  OVERBURDEN  MATERIALS 

This  greenhouse  study  was  conducted  by  the  Colorado  State  University  Department 
of  Agronomy,  Fort  Collins,  Colorado,  under  Bureau  of  Reclamation  Contract 
No.  6-07-DR-50L30  and  Amendatory  Agreement  No.  1  to  that  contract. 

Sixty-nine  soil  and  overburden  samples  received  from  the  Bureau  of  Reclamation 
were  ground  to  approximately  2  millimeter  size  for  greenhouse  and  additional 
laboratory  analyses.   One  kilogram  of  soil  or  overburden  material  was  used  per 
pot  and  each  pot  was  replicated.   Each  sample  was  placed  in  a  plastic  bag  in  a 
round  container  and  assigned  a  greenhouse  identification  number.   Sample  numbers 
T-253  through  T-293  were  obtained  from  the  USBR  Point  Site  soil  profiles. 
Representative  overburden  samples  were  obtained  from  4  USBR  drill  holes: 
79-107,  79-108,  79-110,  and  79-111. 

Preplant  chemical  and  physical  analyses  were  performed  on  the  samples. 
Suitability  criteria  developed  by  Colorado  State  University  were  applied  to  the 
laboratory  data  in  order  to  stratify  the  soil  and  overburden  materials  into 
"Problem  Identification  Categories."   These  categories  were  then  aggregated  into 
"Problem  Area  Groups"  to  better  identify  the  magnitude  of  the  kinds  and  com- 
binations of  problems  that  are  more  meaningful  from  a  management  decision  point 
of  view. 

The  pots  were  planted  with  75  seeds  of  western  wheatgrass  (Agropyron  smithii 
var.  arriba) .   This  species  was  chosen  since  it  is  a  common  native  constituent 
of  the  mixed  prairie  in  the  Great  Plains  and  will  probably  be  an  integral  part 
of  many  revegetation  programs. 

Plant  yield  data  (dry  weight)  was  utilized  to  aid  in  the  evaluation  of  the  soil 
and  overburden  materials  as  a  plant  growth  medium  and  to  verify  any  performance 
and/or  growth  characteristics  predicted  from  the  preplant  laboratory  data. 
Plant  yield  (grams)  on  the  soil  samples  ranged  from  3.96  to  0.0;  yield  on  the 
overburden  samples  ranged  from  2.39  g  to  0.23  g. 


The  results  of  the  greenhouse  study  on  the  soil  materials  indicated  the  following: 

1.  Based  on  greenhouse  yield  data,  the  surface  soil  materials  (0  through  18 
inches)  offer  the  best  potential  for  plant  growth  media. 

2.  Materials  affected  only  with  fertility  and  texture  as  potential  problems 
showed  consistently  the  highest  yields  for  the  experiment. 

3.  Salinity  (EC)  and/or  sodium  (ESP)  showed  a  depressing  effect  on  yields 
as  their  concentration  increased. 

4.  Sample  T284  showed  a  yield  of  1.20  g/pot.   This  was  a  good  yield  rela- 
tive to  the  experiment,  but  due  to  the  clayey  nature  of  the  material  and 
the  controlled  environment  in  the  greenhouse,  this  material  was  rated  as 
questionable. 

The  results  of  the  greenhouse  study  on  the  overburden  materials  appear  to  be 
quite  variable  due  to  different  planting  dates.   Overburden  materials  from  drill 
hole  79-108  were  planted  in  the  fall  of  1979,  while  materials  from  drill  holes 
79-107,  79-110,  and  79-111  were  planted  in  the  spring  of  1980.   With  this  in 
mind,  the  results  of  the  greenhouse  study  are  as  follows: 

1.  Generally,  materials  from  drill  holes  79-107,  79-110,  and  79-111  appear 
to  be  more  favorable  as  a  plant  growth  medium  based  on  their  chemical 
characteristics.   However,  yields  on  these  materials  were  lower  than 
those  obtained  on  similar  or  even  poorer  rated  samples  from  drill  hole 
79-108  (compare  79-110-1  which  had  0.7  g/pot  or  79-111-3  which  had  1.05 
g/pot  with  79-108-2  which  had  2.39  g/pot). 

2.  Materials  affected  only  with  fertility,  pH,  and  textural  problems 
appeared  to  be  the  most  productive  plant  growth  media. 

3.  Increasing  levels  of  sodium  (ESP)  and  salinity  (EC)  have  a  depressing 
effect  on  plant  growth.   This  fact  must  be  viewed  in  relation  to 
materials  within  the  same  experiment  (Fall,  1979  vs.  Spring,  1980). 
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Symbols 

Soil  and 

Basic    Information 

Overburden  Characteristics 

Subclass      and 

Deficiencies 

Class  1 

Class  2 

Class  3 

SOILS  AND/OR  OVERBURDEN 


Depth 

Sodlclty 

Salinity  ( ECe  x  103) 


Fine  sandy  loams  to  clay  loams 


>36"  of  soil/overburden  that 
is  suitable  for  plant  media. 


Sandy  loam  to  sllty  clay  loams 

Sandy  loams  sufficiently  coarse 
to  slightly  reduce  productivity, 
moisture  retention  and  may  in- 
crease eroalveness  slightly. 


Profile  should  have  sufficient 
material  for  topdresslng,  clayey 
type  materials  that  are  slowly 
permeable  should  be  placed  below 
6"  in  the  recontructed  profile. 


>18"  of  soil/overburden  that  is 
suitable  for  plant  media. 


Loamy  sand  to  clay 

Loamy  sand  in  sufficient 
quantity  to  moderately 
reduce  productivity, 
moisture  retention,  and 
may  Increase  eroslveness 
moderately. 

Profile  should  have 
sufficient  material  for 
topdresslng;  placement  of 
clay  In  reconstructed 
profile-permeable:   10" 
plus;  slowly  permeable: 
30"  plus. 

>10"  of  soil/overburden 
that  Is  suitable  for 
plant  media. 


SAR  not  to  exceed  9.0  In  fine  textured  materials  but  may  be  20.0  with  loamy  sand  textures.   Values 
can  be  slightly  higher  if  compensated  by  adequate  residual  gypsum. 


Less  than  4. 


Less  than  8  but  should  have  10" 
of  material  of  less  than  4  for 
surface. 


Less  than  12  but  should 
have  10"  of  material  of 
less  than  4  for  surface. 


Available  Water  Holding  Capacity 
Hydraulic  Conductivity 


>1.5'7foot  of  soil. 

Adequate  to  provide  a  well  drained 
and  aerated  root  zone  and  an  infil- 
tration rate  adequate  to  prevent 
serious  erosion. 


>1.0"/foot  of  soil. 

Slightly  restricted  which  may 
result  in  some  restriction  of 
drainage  and  aeration  in  the  root 
zone  and  a  reduced  Infiltration 
rate. 


>0.75'7foot  of  soil. 

Restricted  to  the  ex- 
tent that  internal 
drainage  may  limit 
choice  of  vegeta- 
tion and  require  special 
practices  to  control 
erosion . 


Cobbly,  Stony,  Flaggy,  or  Clinkers 
Weatherability1/ 


Less  than  5%  by  volume. 


Will  break  down  readily  upon 
exposure  to  the  weather. 


Less  than  10%  by  volume. 


May  require  short  period  to  break 
down  upon  exposure. 


Less  than  20%  by 
volume . 

May  require  ex- 
tended period  to 
break  down. 


Erodibillty 


Susceptible  to  slight  erosion. 


Susceptible  to  moderate  erosion. 


Susceptible  to 
severe  erosion  but 
can  be  controlled 
with  proper  manage- 
ment and  selective 
placement. 


TOPOGRAPHY2 ^ 
Slope 


Indurated  Surface  Sandstone 
or  Baked  Rock 


Cover 
DRAINAGE 


Permissible  surface  gradient 
0-12%  with  smooth  slopes. 


None 

Not  applicable 


Permissible  surface  gradient 
0-20%. 


1  to  5%  of  area. 


Permissible  surface 
gradient  0-35%. 


5  to  20%  of  area. 


Because  of  anticipated  land  alterations  by  surface  mining,  present  drainage  conditions,  except  the 
hydraulic  conductivity  of  the  material,  are  not  a  factor  In  the  classification. 


Areas  delineated  in  this  class  generally  lack  suitable  material  for  stripping  and  stockpiling  a 
surface  material.   One  or  a  combination  of  the  following  deficiencies  may  result  in  the  use  of 
this  class:   (1)  insufficient  soil  or  overburden  of  suitable  quality  at  or  near  the  surface; 
(2)  topography  which  prevents  stripping,  including  excessive  slopes;  (3)  rocklands  with  large 
amounts  of  indurated  surface  sandstone  or  baked  rock;  (4)  toxic  material  (soil  or  overburden), 
at  or  near  the  surface.   Reclamation  of  Class  6  lands  will  require  that  suitable  plant  growth 
material  be  borrowed  from  adjacent  lands  that  have  a  surplus  of  good  quality  planting  media  or 
from  suitable  overburden  strata.   In  certain  cases,  treatment  or  modification  of  the  available 
material  may  Increase  its  revegetatlve  potential  to  an  acceptable  level. 


1/  Applicable  only  to  overburden  material. 
2/  Not  applicable  to  overburden  material. 


Criteria  Used  to  Determine  Suitability  of  Overburden  Material 
For  Use  as  Plant  Media  in  Revegetationi7 


Electrical  Conductivity 
(aminos/ cm) 


Sodium  Adsorption  Ratio 
(SAX) 


Excnangeable  Sodium 
Percentage  (ESP) 


Boron  (mg/1) 
Selenium  (mg/1) 
Molybdenum  (mg/1) 

Copper  (mg/1) 
Manganese  (mg/1) 
Zinc  .(mg/1) 
Lead  (mg/1) 

Cadmium  (mg/1) 
Nickel  (mg/1) 
Mercury  (mg/1) 

Iron  (mg/1) 
Nitrate-Nitrogen  (mg/1) 


Methodology 

Pipette  method  plus  sand 
sieving 

Saturation  extract/con- 
ductivity bridge 

Saturated  paste/ glass 
electrode 


FSL,  VFSL,  L,  SiCL,  SCL 


Limited  Suitability 
LFS,  SL,  CL,  SICL,  SC 


Calculate:  Na/  Vr(Ca-mg)/2; 
Ca,  Mg,  and  Na  In  meq/1 

Ammonium  acetate  ex- 
traction; calculate: 
Na/CEC  x  100Z 

Hot  water  extraction/ 
carmine  method 

Hydride  generation; 
flameless  AA 

Ammonium  oxalate  ex- 
traction; flameless  AA 
or  N20  flame  AA  -  5000 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

Extraction  by  U2S04i 
flameless  AA 
(quartz  cell) 


<1 

2/ 

<60 

<40 

10-15  (PB  <6) 
15-20  (pH  >6) 

<1 

2-3 


5.0  - 

6.0; 

8.4  - 

9.0 

6-9  heavy 

textures 

6-12  medium 

and  coarse 

textures 

Unsuitab:e 
S,  LS,  SIC, 


<5.0; 
>9.0 


>9  -  heavy  textures 
>12  -  medium  and  coarse 
textures 


>15i/ 


>1 
3/ 

>60 

>40 

15  (pH  <6) 
20  (pH  >6) 

>1 

>3 


Not  Established 
Not  Established 


1/  Applicable  only  to  reclamation  study  areas  in  Montana  and  North  Dakota. 
2/  Rate  2:1  -  Clay  texture  poor  if  >10,  sand  texture  if  >20. 

3/  Suspect  level  not  established  -  an  excessive  consumption  of  molybdenum  through  lngestation  of  vegetation  may  be  toxic 
to  animals.   This  concern  is  directly  related  to  the  Cu:Mo  ratio  in  the  plant  tissue. 
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